Background. Data on gender-specific profiles of cognitive functions in patients with Parkinson's disease (PD) are rare and inconsistent, and possible disease-confounding factors have been insufficiently considered.
Introduction
Phenotypic heterogeneity in Parkinson's disease (PD) is being increasingly recognized (van Rooden et al. 2011) . Recently, gender differences have attracted interest as a potential contributing factor to this heterogeneity. For example, there is general agreement that both incidence and prevalence of PD are higher in men than in women (e.g. Van Den Eeden et al. 2003; de Lau et al. 2004; Taylor et al. 2007) . Moreover, women are older at disease onset compared to men (Twelves et al. 2003) . Furthermore, women may be more likely to exhibit the tremor-dominant PD phenotype (Haaxma et al. 2007 ) while motor symptoms other than tremor have been demonstrated to occur less frequently in women (Scott et al. 2000) , with the exception of dyskinesias (Lyons et al. 1998) .
Next to the core motor symptoms, non-motor symptoms of PD are receiving increasing attention for their important role in disability and reduction of quality of life. Here, cognitive impairment is one of the most common and relevant symptoms, with about 25% of PD patients being affected (Aarsland et al. 2010) . Nevertheless, studies concerning gender differences in cognition have been scarce and inconsistent. While some studies did not find any effect of gender (Amick et al. 2006; Schendan et al. 2009; Crizzle et al. 2012) , other reports indicate that differences exist. For example, lower global cognition scores in nondemented men with PD have been reported in studies using the Mini Mental State Examination (MMSE; Lyons et al. 1998; Hariz et al. 2003; Uc et al. 2009 ) and the Montreal Cognitive Assessment (MoCA; Nazem et al. 2009; Hu et al. 2014; Szewczyk-Krolikowski et al. 2014) . Regarding specific domains, non-demented females with PD were found to be superior in both semantic and phonemic verbal fluency (Locascio et al. 2003; Szewczyk-Krolikowski et al. 2014) . Furthermore, a result found both in studies comparing male and female PD patients ) and comparing PD patients with a healthy control group (Carey et al. 2002; Locascio et al. 2003) demonstrated that women with PD have poorer visuospatial abilities. In line with these findings, in the largest investigation so far that specifically examined this topic, Pasotti et al. (2012) tested 162 male and 144 female PD patients and reported that women with PD had significantly higher scores on a delayed verbal recall task, whereas men had better visuospatial abilities. Interestingly, these differences were dependent on disease duration: they were present in the early stage (disease duration <6 years), diminished in the intermediate stage (disease duration 6-10 years) and disappeared in the late stages of the disease (disease duration >10 years).
To date, two reviews have focused on the topic of gender differences in cognition in PD, one summarizing 11 studies (Miller & Cronin-Golomb, 2010 ) and one recent review including eight studies (Heller et al. 2013) . Consistent with the above-mentioned results, both studies summarized that differences in cognitive profiles between men and women exist, especially in verbal and visuospatial abilities. However, both reviews also came to the conclusion that the literature is far from conclusive. They suggest possible mediators, such as age, motor symptoms or medication, as well as other factors which may account for gender differences need to be taken into consideration in a more thorough way. Among these factors are conditions such as depression for which women are more vulnerable in general (Abate, 2013) and also specifically in PD (Riedel et al. 2010; Leentjens et al. 2013) , and which can have a strong influence on cognitive functions. Importantly, both reviews also emphasize that it has to be clarified whether the observed effects are really PD specific or rather reflect a more general gender effect. It has to be taken into account that cognitive functions are also known to be different in healthy men and women (van Hooren et al. 2007; Munro et al. 2012) , and that the described genderspecific profiles in PD patients so far resemble those in healthy adults: women are typically superior on tests of verbal learning and memory, whereas men perform better in the visuospatial domain (Munro et al. 2012) .
Two alternative methods exist to control for genderrelated performance differences in healthy adults and thus separate 'regular' gender effects from a diseasespecific deterioration of functioning. One is to include a healthy control group and compare male and female PD patients to healthy men and women, respectively, and the other is to include only patients but to use gender-corrected normative data. Remarkably, only two of the studies described above (Carey et al. 2002; Locascio et al. 2003 ) included a control group and, even more striking, no study so far has used gendercorrected data. Indeed, using a control group permits an explicit definition of whether patients have dysfunction compared to sex-matched controls. However, with this procedure the difference between male PD patients and their healthy counterparts on the one hand and between female PD patients and healthy women on the other is not directly tested, so the extent of dysfunction in female compared to male PD patients is difficult to define.
In contrast, gender-corrected Z scores enable us to quantitatively compare the disease-specific cognitive deficits between men and women, since the deviations of each gender from a matched control group can be compared directly by means of a standardized value. The major advantage of this approach is that the sample size of the healthy population from which normative data is derived in tests or test batteries is usually large, while the sample size of healthy control groups in specific studies is often comparably small. At the same time, all relevant parameters, such as age and education, can be controlled for -at least if a test battery is used, which provides corrections for these sociodemographic variables.
Another important point is whether potential gender differences in PD are dependent on the stage of cognitive dysfunction. In the healthy population, gender differences in cognition have been shown to be relatively persistent (de Frias et al. 2006) . In contrast, as described above, Pasotti et al. (2012) found that gender differences disappeared with increasing disease duration.
As their analysis did not control for the differences in the normal population, it has to be investigated whether the same development is evident if differences in healthy adults are taken into account, e.g. by using gender-corrected normative scores.
In summary, only a few, inconclusive results regarding gender-specific profiles of cognitive (dys-)function in PD exist, and possible disease-confounding factors are insufficiently considered. Thus, the aim of the current study was to define gender-related cognitive profiles in PD (above and beyond gender differences in healthy adults) in a large and well-defined cohort of patients taken from the LANDSCAPE study (Balzer-Geldsetzer et al. 2011) including patients with different levels of cognitive functions, i.e. with no cognitive impairment (PD-N), with mild cognitive impairment (PD-MCI), and PD dementia (PD-D). Hereby we controlled for the most important possible influencing factors of age, education, severity of motor symptoms, disease duration, depression and L-dopa equivalent daily dose.
We hypothesized that our raw-value analysis would replicate previous gender-specific profiles, both from studies of healthy individuals and from PD studies, which have usually been based on analysis of raw scores. More specifically, we expected superior verbal memory and verbal fluency performance but inferior visuospatial abilities in female compared to male PD patients -a profile that should be most evident in patients with no or early cognitive deficits, but that should become less pronounced with more severe cognitive dysfunction. Furthermore, based on the findings discussed above that differences regarding specific cognitive functions exist in the normal population, we hypothesize that the application of gendercorrected Z scores may change this profile, indicating that interpretations derived from raw-score analysis have to be questioned with regard to disease specificity.
Method

LANDSCAPE database
The LANDSCAPE study is a multicentre, prospective, observational cohort study of PD patients that focuses on the natural progression of cognitive impairment in PD and on the identification of factors that contribute to the evolution and/or progression of cognitive impairment. Patients were recruited in eight specialized movement disorder centres across Germany (Aachen, Bonn, Dresden, Frankfurt/Main, Kassel, Kiel, Marburg, Tübingen) and assessed with a comprehensive clinical and neuropsychological test battery, as well as blood tests and neuroimaging procedures for a subset of patients. More detailed information can be found in Balzer-Geldsetzer et al. (2011) .
Participants
To be eligible for enrolment in the LANDSCAPE study, participants had to be aged between 45 and 80 years and meet the criteria for the diagnosis of idiopathic PD according to the UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria (Hughes et al. 1992) . With regard to cognitive impairment, diagnosis of PD-MCI was defined according to the criteria proposed by Petersen (2004) , and PD-D was diagnosed according to the consensus guidelines by Emre et al. (2007) , operationalized by Dubois et al. (2007) .
Cognitive assessment and operationalization of PD, PD-MCI and PD-D
Neuropsychological assessment was carried out by trained neuropsychologists. The neuropsychological examination was conducted in the patients' on-phase after medication. Global cognitive functions were assessed with the MMSE (Folstein et al. 1975) , the Parkinson Neuropsychometric Assessment (PANDA; Kalbe et al. 2007 Kalbe et al. , 2008 , and the CERAD total score (based on Chandler et al. 2005 ). Specific cognitive functions were assessed using the CERAD-Plus test (Aebi, 2002) . In this battery, verbal memory is tested with the subtests word-list learning, delayed recall and recognition of the word list, while figural memory is assessed with the delayed recall of copied figures (nonverbal memory). Executive functions are tested with the phonemic (letter S) and semantic (animals) verbal fluency subtests and the Trail-Making Test (TMT) B/A index. Visuospatial abilities are tested using the constructional praxis subtest in which figures have to be copied. Finally, language is assessed with the Boston Naming Test (BNT). Next to the CERAD-Plus, five additional tests were used in the neuropsychological test battery of the LANDSCAPE project: the Modified Card Sorting Test (executive functions), the Stroop interference test (Bäumler, 1985) , the Brief Test of Attention (BTA; Schretlen, 1997; both attention) , and the subtests Mental Rotation and Spatial Imagination from the German test battery 'Leistungsprüfsystem 50+' (Sturm et al. 1993; visuospatial functions) . Cognitive dysfunction was operationalized by scores of 4−1.5 standard deviations (S.D.) below the mean in at least one neuropsychological test score. Patients without cognitive dysfunction were classified as PD patients without cognitive impairment (PD-N). PD-MCI criteria according to Petersen (2004) were operationalized as follows:
(1) a diagnosis of PD according to Queen Square Brain Bank criteria; (2) a subjective complaint of cognitive decline by the patient, preferably corroborated by a reliable source, in medical history; (3) no or minimal impact of the decline on acitivities of daily living according to medical history, and the absence of dementia; and (4) objective evidence of cognitive abnormalities in neuropsychological tests. PD-D criteria according to Emre et al. (2007) and operationalized by Dubois et al. (2007) were: (1) a diagnosis of PD according to Queen Square Brain Bank criteria; (2) insidious onset and slow progression of cognitive deficits; (3) deficits that are severe enough to impair daily life independent of the impairment ascribable to motor symptoms; (4) objective impairment in at least two cognitive domains as demonstrated by a deficit in at least one test per domain; and (5) cognitive impairment represents a decline from the premorbid level.
CERAD-Plus test battery
As indicated above, the analysis of gender differences in cognitive functions was based on the results of the CERAD-Plus test battery, as it provides raw scores as well as age, education, and -most important for our study -gender-corrected normative scores (Z scores) for all subtests, derived from a large database of healthy control subjects (Aebi, 2002) . The normative sample included 690 men and 410 women. Men were on average aged 69.9 (S.D. = 7.5) years and had 13.2 (S.D. = 3.0) years of formal education. Women had a mean age of 67.1 (S.D. = 8.1) years and had 11.3 (S.D. = 2.5) years of education. Raw scores are transformed into Z scores based on three age groups, two education groups and gender.
Clinical assessment
Duration of symptoms, the date of initial diagnosis and medication were recorded. To define motor impairment, the Unified Parkinson's disease Rating Scale (part III; Fahn, 1987) , and the Hoehn & Yahr (1967) scale were used. The short form of the geriatric depression scale (GDS-15; Burke et al. 1991 ), a 15-item selfevaluation questionnaire, was used to assess depressive symptoms. Total dopaminergic treatment was calculated as the L-dopa equivalent daily dose (LEDD) according to the formula proposed by Tomlinson et al. (2010) .
Ethical approval
The study was conducted in compliance with the World Medical Association Declaration of Helsinki (1997) . The study protocol was approved by the Ethics Committee of Philipps University Marburg (approval no. 178/07) in March 2009 and subsequently by the local ethics committees of the participating centres in Germany.
Statistical analyses
Differences in demographic and clinical characteristics between men and women with PD, as well as gender differences in global cognition, were tested using Student's t test and, if necessary, the non-parametric Wilcoxon signed-rank test.
All analyses were performed for the whole group of PD patients and for each diagnostic group separately (PD-N, PD-MCI, PD-D). Levene's test was used to verify homogeneity of variances. The analysis was carried out in two steps: (1) the association between gender and raw values on the individual neuropsychological tests was evaluated with analysis of covariance (ANCOVA). The following covariates were controlled for: age, disease duration, UPDRS III, GDS-15 score, and LEDD. (2) Gender comparisons of the corrected Z scores for the individual neuropsychological tests were performed using ANCOVA. In this analysis, again disease duration, UPDRS III, GDS-15 score, and LEDD were controlled for. Age was not used here, since Z scores were already age-corrected. Even though ANCOVA is known to be robust against a disturbance of the assumption, we verified the results by the non-parametric rank ANCOVA from Quade (1967) . The alpha level was set to 0.05 for all tests. Statistical data analysis was carried out by study-independent statisticians using SAS v. 9.4 (SAS Institute Inc., USA).
Results
Demographic and clinical characteristics, global cognitive functions
As indicated in Table 1 , male and female PD patients had comparable age, disease duration, age at symptom onset and depression scores (GDS-15), but men had significantly more motor impairment than women (UPDRS III; p = 0.006) and more years of education (p < 0.0001). Importantly, these differences are not relevant for our analysis as the variables were used as covariates. For global cognitive functions, male and female PD patients had comparable overall cognitive states both indicated by the MMSE and the PANDA, but women had slightly higher CERAD total scores (p = 0.02).
Comparison of the diagnostic groups showed that men had significantly more education in all three groups (PD-N: p < 0.0001; PD-MCI: p < 0.0001; PD-D: p = 0.002). Women in the PD-MCI group had a significantly longer disease duration (p = 0.01) and men in the PD-N group had a higher UPDRS III score (p = 0.005). Women in the PD-D group took a lower dose of LEDD (p = 0.04) and had lower MMSE scores (p = 0.02). Again, these variables were used as covariates in the analyses so that gender differences did not hamper our main analysis of cognitive functions. Finally, men in the PD-N group had lower CERAD total scores (p = 0.05). All other variables were comparable between genders within cognitive groups.
Neuropsychological tests: raw-score analysis
Overall group raw-score analysis ( Supplementary  Table S1 ) showed that women performed better on the verbal learning (p = 0.01) and verbal recall (p = 0.02) tasks, whereas men outperformed women on the visuoconstructive test (constructional praxis, p = 0.002) and figural memory (recall of figures, p = 0.006).
The differentiated group analysis demonstrated that women's superiority in verbal learning and verbal recall was only significant in the PD-N group (p = 0.0005 and p = 0.008, respectively), while there were no differences in the two groups with cognitive impairment (PD-MCI, PD-D), indicating that gender-related differences in raw scores of verbal memory tests are most evident in higher levels of cognitive functions and decrease with increasing cognitive deterioration (Fig. 1a, b) . In the visuospatial domain (constructional praxis and figural memory), men significantly outperformed women only in the PD-MCI group (p = 0.002 and p = 0.01, respectively), while no significant differences were found in the other groups (Supplementary  Table S2 ). There was a trend towards statistical significance in the phonemic verbal fluency test in which women scored higher. This trend was found in the overall group analysis (p = 0.06) and the PD-MCI group (p = 0.08). No other differences between men and women in raw scores of the other memory, executive, or language tests were found.
Neuropsychological tests: Z-score analysis
The pattern that emerged in Z-score analyses was substantially different from that in the raw-score analysis. In the overall patient group analysis, men had significantly higher Z scores on all three verbal memory tests, i.e. verbal learning (p = 0.04), verbal recall (p = 0.02) and verbal recognition (p = 0.05, Supplementary Table S1 ). In contrast, there were no significant differences between men and women for the visuospatial tasks.
The differentiated group analysis showed a similar picture: men were significantly superior to women in verbal learning and verbal recall in the PD-MCI group (p = 0.02 and p = 0.04, respectively) and for verbal learning also in the PD-D group (p = 0.04, Fig. 1c, d ), indicating that, in contrast to the pattern from raw scores, differences in the performance of men and women were more distinct in patients with cognitive impairment. As a further result, women in the PD-N group were significantly better in the BNT (p = 0.01, Supplementary Table S2) .
No other differences in Z scores between men and women in any other executive or visuospatial test were found.
Discussion
One main finding of this analysis of a large cohort of 656 patients with PD-N, PD-MCI or PD-D including 445 male and 211 female individuals is that the genderspecific cognitive pattern described in other studies could be replicated based on a raw-score analysis. This means women perform better in verbal memory while men outperform women in visuospatial abilities. This could be demonstrated both in the analysis of the overall group as well as for the differentiated group analysis (for the PD-N group for verbal learning and verbal recall and for the PD-MCI group for visuospatial skills). The second main finding of our study is that gender-corrected Z-score analysis showed a markedly different pattern. More specifically, women were more affected in verbal memory while the difference between genders in visuospatial skills disappeared. This was demonstrated in the overall analysis and the differentiated analysis -for verbal learning in both impaired groups (PD-MCI and PD-D), for verbal recall only in PD-MCI and for visuospatial skills in all three groups. These findings give rise to two substantial points for discussion: the first is the phenomenon of the pattern of cognitive gender differences obtained by raw-score and Z-score analyses that changes and even swaps. The second is the question of why verbal memory declines more in women with PD.
The fact that using gender-corrected normative data changes the picture of gender-specific cognitive profiles in such a substantial way is striking. It is important to note that our raw-score analysis is in line with previous studies showing that women with PD outperform men with PD in the verbal memory domain, while male patients are superior in visuospatial tasks (Carey et al. 2002; Locascio et al. 2003; Pasotti et al. 2012; Szewczyk-Krolikowski et al. 2014) . None of these studies corrected the data for gender. For example, in the largest study so far in the field with a sample of 306 PD patients, Pasotti et al. (2012) used age-and education-but not gender-corrected scores and reported that women had higher verbal learning scores and men were superior in the visuospatial domain. Importantly, although these gender-specific cognitive profiles in PD patients based on raw-score analyses are consistent with typical gender-specific cognitive profiles in healthy subjects (Munro et al. 2012) and could thus simply represent a drop of 'normal' performance, they have been interpreted as PD related. However, our gender-corrected Z-score analysis clearly demonstrates that raw-score analyses are misleading and that interpretation of these profiles should be made with caution. We conclude that the profile described so far may have to be revised. Interestingly, in a comment on the above-mentioned study by Szewczyk-Krolikowski et al. (2014) , Picillo et al. (2014) have already criticized the lack of a direct comparison of non-motor symptoms between healthy men and male PD patients and between healthy women and female PD patients and stated that the comparison of patient data to an appropriate reference group (as is available via Z scores) would be 'the benchmark in revealing the effect of gender on nonmotor symptoms in PD'. However, although the addressed working group performed an additional analysis of their data in response to this comment (Ben-Shlomo et al. 2014), both analyses yielded comparable results, i.e. men with PD were more affected in global cognition, assessed with the MoCA, and in verbal fluency. Unfortunately, no data of verbal memory and visuospatial processing were included, so their data cannot be compared to the main results of the present study.
Although not included in our hypotheses, in an exploratory way we tested for differences in all cognitive domains assessed with the CERAD beyond verbal memory and visuospatial functions and found a significant difference between men and women in the Z scores of the BNT in one of the subgroups (PD-N), but not in the overall group comparison or the rawscore analysis: women in the PD-N group had significantly higher Z scores in the BNT. Remarkably, in the PD-N group, the corresponding raw values of women and men were exactly the same. Thus it can be assumed that in the healthy population, and accordingly also in the normative data of the CERAD (Aebi, 2002) , men have slightly higher scores in the BNT -a result that has also been found in other studies (Welch et al. 1996; Zec et al. 2007 ). Thus, our data indicate that women with PD-N performed slightly better than expected. However, it should be noted that the difference between men and women is not clinically relevant, as Z scores were higher than 0. Nevertheless, this aspect is worth pursuing in future studies.
Our findings demonstrate that the use of tests with gender-but also age-and education-corrected norms may enhance diagnostic accuracy in PD patients. Markedly, out of all neuropsychological tests that were recommended for the diagnostic procedure of PD-MCI (Litvan et al. 2011) and PD-D ) from the Movement Disorder Society Task force, only one test, the TMT to assess (motor dependent) cognitive speed and set-shifting as an important executive function, provides gender-corrected normative data published by Tombaugh (2004) . Thus, particular awareness of this issue would be valuable when selecting test instruments for clinical and research purposes -not just concerning age and education, but also gender.
Our result, based on Z scores, that verbal memory declines more in women is intriguing. Markedly, although longitudinal data are not yet available from our patients, the cross-sectional data provide preliminary evidence that this decline may accelerate from the stage of PD-MCI to that of PD-D, as the discrepancy between men and women increases. In other words, the strength in verbal memory that healthy women and female PD patients without cognitive impairment typically show first disappears, and in later stages this domain even becomes the most vulnerable.
One possible explanation for this finding is that the so-called cognitive reserve, i.e. the resistance against brain pathology, differs in men and women. As cognitive reserve is closely related to education (Stern, 2009) , which is usually lower in women and has also been related to cognitive functions in PD patients (Hindle et al. 2014) , it can be hypothesized that this accounts for the cognitive disadvantage in women with increasing pathology. In fact, education is significantly lower in our female compared to male patients. One could argue that this explanation should be ruled out, as the Z scores used in our analysis were corrected for education. However, education does not fully capture the concept of cognitive reserve; rather, beyond formal education it strongly relies on cognitive engagement over the lifespan (Valenzuela et al. 2008; Stern, 2009) . Thus, as we have no relevant information beyond education, further research taking into account additional aspects of cognitive reserve is needed to clarify this issue. If cognitive reserve turns out to be critical, it also has to be examined why specifically verbal memory is affected more in women while other cognitive domains are affected equally in both genders.
Another possible explanation for the results pertains to the effects of endogenous sex hormones. A specific role of oestrogen seems reasonable given the body of evidence showing that the oestrogen level is related to verbal memory performance (Boss et al. 2014) , that verbal memory typically declines in older women when oestrogen levels decrease and that oestrogen replacement therapy prevents this decline (Sherwin, 2012) . However, this development presumably also applies to healthy women, so it can be expected that the age-corrected Z scores used in our study correct for this phenomenon. However, as we have no information on oestrogen levels or oestrogen replacement therapy in our patient sample and as this aspect is also not considered in the description of the sample examined as the reference group, no clear conclusions can be drawn.
An additional hypothesis that has been proposed to explain gender-specific cognitive dysfunction in PD is that there are differential effects of levodopa treatment on men and women, which has for example been discussed for visuospatial processing (Lyons et al. 1998; Carey et al. 2002) . Furthermore, Carey et al. (2002) argued that if men are endowed with more visuospatial processing resources compared to women (Weiss et al. 2003; de Frias et al. 2006) and if PD does have a specific deleterious effect on visuospatial function (Bradley et al. 1989) , it is only logical that men tend to suffer a greater loss in this domain.
Interestingly, greater decline in verbal memory in female patients has also been described in other neurodegenerative disorders including Alzheimer's disease (AD; Chapman et al. 2011; Pusswald et al. 2015) . Different hypotheses for this finding have been postulated, including the post-menopausal decrease in oestrogen levels (Henderson et al. 1996) , as well as less cognitive reserve in females (Chapman et al. 2011) , but also other explanations such as a more frontal metabolic impairment in women with AD (Herholz et al. 2002) , differences regarding topography and severity or cerebral perfusion, smaller volumes of the hippocampus and other structures in women with AD (Kidron et al. 1997; Callen et al. 2001 Callen et al. , 2004 Ballmaier et al. 2004) and differential effects of the apolipoprotein E (APOE)4 allele (Fleisher et al. 2005) . However, none of these hypotheses have been examined for gender-specific cognitive symptoms in PD patients yet. In summary, although several potential reasons for PD-related gender differences in cognition in general and specifically verbal memory can be considered, the current state of research is rudimentary and further comprehensive studies are necessary. This also seems important from another perspective: it is not executive dysfunction which is the most frequent symptom in PD in most (but not all) studies and is ascribed to dopaminergic dysfunction in the 'cognitive' frontostriatal circuit (Moustafa & Poletti, 2013) , but 'non-dopaminergic' memory impairment that is regarded as a predictor of PD-D (Kehagia et al. 2013) . Thus, the gender-specific decline in memory should be taken into account in studies examining the progression from PD-MCI to PD-D.
Despite a very careful study design, the present study may have several limitations. First, our neuropsychological test battery was limited, as both visuoconstruction and figural memory were tested with only one test each. Furthermore, the domain of attention was not sufficiently covered. Thus, future studies using a more elaborate test battery assessing more subfunctions of relevant domains may have even higher sensitivity to detect gender-specific cognitive differences. Second, with regard to the development of affected domains, it should be noted that longitudinal data from our patients were not available, so genderspecific progression of cognitive decline was derived by comparing independent samples of patients with different cognitive stages, i.e. a cross-sectional design was used. Future studies should include follow-up data because only longitudinal data allow interpretation of intra-individual changes of cognitive functions that can then be compared between genders. Third, severely demented PD patients were not included, limiting conclusions to only mild stages of PD-D. Finally, the recently established PD-MCI criteria according to Litvan et al. (2012) were not used, as these criteria were published after onset of the LANDSCAPE study. Using these PD-specific criteria in further research may affect findings on gender-specific cognitive profiles.
The strengths of this study are the large database of prospectively included PD patients, assessed with a homogeneous study protocol, the differentiation of various cognitive stages of PD patients, the use of an established cognitive test battery, which provides gender-(and also age-and education-) corrected normative data based on a large reference cohort of healthy controls, and the fact that potential confounding factors including sociodemographic and clinical/ motor data are controlled for in our analysis. Most importantly, to our knowledge, this is the first study comparing raw scores and Z scores of cognitive measures in a PD population.
In conclusion, the results of our study disclose that in contrast to the findings of previous studies, women may be more detrimentally affected by PD in verbal memory, and this effect may increase with the progression of cognitive dysfunction. Furthermore, also in contrast to previous results, men and women with PD seem not to be differentially affected in the visuospatial domain. Finally, the fact that our Z-score analysis showed markedly different results compared to the raw-score analysis used so far suggests that the use of gender-corrected and, of course, also ageand education-corrected norms in neuropsychological testing is important both in scientific studies as well as in clinical settings in order to enhance the diagnostic accuracy.
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